Cervical cancer is the one of the most common cancer in female patients in Thailand. Radiotherapy has the role for the treatment of cervical cancer by postoperative, radical and palliative treatments. For radical radiotherapy, the combination of external beam radiation therapy and brachytherapy will be used to increase the tumor dose to curative goal. With the new development of medical images (Computed tomography (CT), Magnetic Resonance Imaging (MRI) or Ultrasonography (US)), the treatment with brachytherapy will be developed from point-based to volume-based concepts. Many studies reported the benefit of image-based brachytherapy over conventional brachytherapy and clinical benefit of using image-based brachytherapy in the treatment of cervical cancer.
Role of Radiotherapy for Cervical Cancer
Cervical cancer is one of the most common in female populations in Thailand. From our institution, the numbers of cervical carcinoma were 234 patients in the year of 2005 [1] . Treatment of cervical cancer composed of surgery, radiation therapy and systemic treatments. The roles of radiation therapy in cervical cancer are radical, adjuvant and palliative treatments. In early stages, surgery plays the main role of treatment. Radiotherapy can be used as adjuvant to reduce the risks of recurrence. However, in some patients who are unfit to perform surgery, radiotherapy is an option. In advanced disease, concurrent chemoradiation with cisplatin-based regimen is the standard treatment. Many studies showed the benefit of concurrent chemoradiation over radiotherapy alone [2] [3] [4] . For radiotherapeutic treatment, external beam radiation (EBRT) and brachytherapy are used together to increase the dose to tumor at cervix and reduce the dose to organs at risk (bladder and rectum).
Intracavitary Brachytherapy for Cervical Cancer
Brachytherapy was used to increase the curative dose to cervical cancer from the year of when Todd and Meredith et al. introduced the Manchester system with radium [5] . The using of point A, bladder point and rectum point (identified in orthogonal X-rays) were widespread with ICRU 38 concepts. The intrauterine tandem and vaginal colpostats or ring applicator were used in many institutes to treat cervical cancer, with acceptable results. Figure 1 shows orthogonal X-rays for conventional planning. and the concepts of prescription will be developed from point-based planning (point A) to volume-based planning. Nowadays, studies of developments are published.
Volume-Based Concepts in Brachytherapy for Cervical Cancer
With the limitation of X-ray based planning, the concepts of volume-based planning were evaluated. In the year of 2005-2006, The GEC-ESTRO recommendations were published. The volume-based concepts of target volume and organs at risk (OARs) with the dose-volume histograms for each target were identified in magnetic resonance imaging. For target volumes, these composed Gross tumor volume (GTV), High-risk clinical target volume (HR-CTV) and Intermediate-risk Clinical target volume (IR-CTV). HR-CTV was defined to GTV plus the whole cervix with the suspected extension describing on magnetic resonance imaging that represents the tumor at brachytherapy (85 -90 Gy). IR-CTV was identified to HR-CTV plus 5 -15 mm margin excluded the OARs which relate to tumor at diagnosis (60 Gy). For the OARs, bladder, rectum and sigmoid colon were identified. For the dose constraint, the D90 (dose at 90% of volume), D100 (dose at 100% of volume) were used to determine to the tumor dose. The D2 cc (dose at 2 cc of volume), D1cc and D0.1cc were used as OARs dose limitation. For the recommendations, The D90 to HR-CTV should be more than 85 -90 Gy in locally advanced cervical cancer while the D2 cc for bladder, rectum and sigmoid were 90 -95 Gy, 70 -75 Gy and 70 -75 Gy, respectively [6, 7] .
Comparison of Standard Loading versus Image-Guided Planning
Many studies supported the using of image-guided brachytherapy (IGBT) to improve dose distribution in treatment of cervical cancer. The doses of standard plan versus optimized plan were retrospectively reviewed. For standard treatment planning, the tolerance dose limits were exceeded in the bladder, rectum and sigmoid in 26%, 4% and 15% of the plans, respectively. An increase in target dose coverage was achieved when additional individual optimization was performed, while still keeping the dose to the OARs below predefined limits. Relatively low average target coverage, especially for the largest volumes was however seen [11] . Zwahlen et al. reported 20 patients with IB-IV by FIGO cervical cancer designed for IGABT-PDR with MRI-guided treatment planning. HR-CTV and OARs were identified according to GEC-ESTRO recommendations and Optimization was performed and compared with the conventional plan. The Conventional plan adequately treated 70% for the HR-CTV and IR-CTV 85% for the IR-CTV. With optimization, 75% for HR-CTV could adequately treat while 95% for IR-CTV could be covered. MRI-guided BT could reduce the dose to OARs (12% -32%) when compared to conventional BT planning [12] . Tharavichitkul et al. reported using of CT-based brachytherapy for 17 patients with cervical cancer. All patients were treated with 46 -50 Gy of external beam radiotherapy and at least 7 Gy × 4 fractions to the D90 of HR-CTV. CT-based brachytherapy significantly reduced the dose at D2 cc of bladder and rectum when compared with standard planning (to point A) [13] . Moreover, the study from Faculty of medicine, Chiang Mai University reported using of MRI-guided brachytherapy in 15 patients with locally advanced cervical cancer. All patients were treated with 46 -50 Gy of external beam radiotherapy and at least 7 Gy × 4 fractions to the D90 of HR-CTV. Three times of MRI were designed at diagnosis, first application of brachytherapy and three months after treatment finished. In comparison to conventional approach (point A basic), MRI-guided adaptive brachytherapy could reduce the dose of all of Organs at risk significantly and the dose to HR-CTV could be kept more than 87 Gy EQD2 according to Vienna study [14] . Nowadays, many studies showed that some of patients have improperly anatomical geometries for standard loading pattern causing suboptimal dose to tumor and overdose to organs at risk. From the data of imageguided treatment, IGBT helps improve the dose distribution to target volumes and organs at risk.
MRI-Guided Brachytherapy for Cervical Cancer
With the benefit of tissue discrimination form MRI, high quality of image in multi-planar aspects and provides clearly tissue discrimination of Target (tumor) treated with 45 -50 Gy EBRT plus 7 × 4 Gy in HR-CTV according to GEC-ESTRO recommendations. For the study, eighteen local recurrences occurred. The most important DVH parameters correlated with LR were the D90 and D100 for HR-CTV mean D90 and D100 values for HRCTV were 86 +/− 16 and 65 +/− 10 Gy. The D90 > 87 Gy had local recurrence rate of 4% while D90 < 87 Gy had local recurrence rate of 20%. The dose related to local control, D90 > 87 Gy yield high local control [16] . Moreover, George et al. published the D2 cc and D1 cc as good predictive factor for rectal toxicity [17] .
CT-or MRI-Guided Brachytherapy for Cervical Cancer
CT the good tissue discrimination of Organs at risks but the identification of tumor was less than MRI. 0.02). The MRI and CT DVH values of the dose to 0.1 cm 3 , 1 cm 3 , and 2 cm 3 for the OARs were similar. They concluded that computed tomography-based or MRIbased scans at brachytherapy are adequate for OAR DVH analysis. However, CT tumor contours can significantly overestimate the tumor width, resulting in significant differences in the D (90), D (100), and volume treated to the prescription dose or greater for the HR-CTV compared with that using MRI [18] . Eskander et al. reported the comparison of CT versus MRI on 11 patients. Tandem and ring applicator were used to all patients. The radiation oncologist identified and contoured the rectum, the bladder, the sigmoid, and the high-risk clinical target volume (HR-CTV) on CT and MRI. The values compared between CT and MRI included D90 and D100 to HR-CTV; coronal, sagittal, and axial measurements of HR-CTV; and minimum dose to most irradiated 0.1-, 0.5-, 1.0-, and 2.0-cm 3 volumes for the organs at risk (OAR). Doses were converted to the equivalent dose in 2 Gy by applying the linear quadratic model. Volume optimization was performed, and the above parameters were evaluated. Magnetic resonance imaging showed a significantly greater HR-CTV length in the sagittal plane (p = 0.006), with CT showing a greater length in the coronal plane (p = 0.004). The equivalent dose in 2 Gy to 2.0 cm 3 for the bladder was greater on CT than MRI (p = 0.041). The dose volume histogram values for the other OARs were similar between CT and MRI. With volume optimization, no significant differences were seen between HR-CTV dose parameters or doses to OAR. They concluded that.
The CT-and MRI-based brachytherapy tissue delineation seems adequate for evaluation of OAR and target tissues. Although the shapes of HR-CTV and OAR do differ, the clinical impact of these differences seems to be small and may demonstrate that planning with CT, if combined with one MRI, may be sufficient [19] . Krishnatry et al. published 17 previously untreated patients with cervical cancer. Brachytherapy using a MRI-compatible applicator followed by both CT and MRI were applied and compared. The HR-CTV and organs at risk (bladder, rectum, sigmoid and intestines) were contoured on CT using only clinical findings and on MRI using GEC-ESTRO guidelines. The volume and doses for tumor and organs at risk were evaluated using two-sided t-test. There is significant underestimation of tumor height and overestimation of the width (p < 0.05). However, there was no significant difference in V (100), D (90) and D (100) for high-and intermediate-risk clinical target volume in computed tomography versus magnetic resonance imaging. The volumes and doses to 0.1, 1 and 2 cc for organs at risk were also similar. They concluded that MRI is the gold standard for tumor delineation, but CT-based contouring can be used comfortably for delineation of organs at risk [20] . From all literatures, CT can be used to delineate organs at risk to adjust the critical doses to cause toxicity. Although, the image identification of GTV by CT is poorer than MRI, Hybrid CT plus MRI guidance helps to identify the gross tumor volume during brachytherapy but CT can be acceptable to use image-based brachytherapy. The clinical impact of CT-based brachytherapy was reported by Tan et al. with twenty-eight patients. All patients received EBRT followed by HDR brachytherapy (7*3) with CT-guided BT. Cervix, uterus and OARs were contoured according to GEC-ESTRO recommendations. For target, D90 and V100 were evaluated and for OARs, D2 cc were evaluated by EQD2. The 3-year cancer-specific survival was 81%, with a pelvic control rate of 96%. In 24 pts, the D90 equal to 74 Gy or more (alpha/beta = 10). The patients who had local recurrence had D90 of 63.8 Gy. Serious late morbidity was 14%. Seventeen patients had satisfactory OAR doses by standard loading pattern and 7 patients had to optimize to reduce risk of toxicity [21] .
Ultrasound-Guided Brachytherapy for Cervical Cancer
In comparison to other images, ultrasound shows less tissue discrimination for identification of target and Organs at risk but the benefit of ultrasound is that it is the only one real time imaging for the treatment process. Figure 4 shows the ultrasound image that illustrates the correlation between tandem and uterus. Van Dyk et al. reported 71 patients with locoregionally advanced cervix cancer treated with chemoradiation and brachytherapy. US-assisted tandem insertion and conformal US-based planning were used. Orthogonal films for applicator reconstruction were also taken. A standard plan (STD) was modified to suit the US-based volume and treatment was delivered. The patient then underwent a magnetic resonance imaging (MRI) scan with the applicators in situ. The D2 references showed the least correlation between the two images [23] . From the literatures, US-based planning was comparable to CT or MRI.
The Improvement of Planning: Inversed Planning Brachytherapy
The using of inversed planning in brachytherapy was started in research. In gynecologic brachytherapy, inverse planning was studied in the two main algorithms. The first algorithm is IPSA (inverse planning systematic annealing) and another one is the Hybrid inverse treatment planning and optimization (HIPO). 24 .3 months, grade 3 toxicities were found in 4% for acute and 2% for late effects, respectively. No Grade 4 toxicity was observed. For Acute G1-2 toxicity, there were 48% for GI and 52% for GU toxicity, respectively. Thirty-one percents developed late G1-2 toxicity. Two patients developed local recurrence; 2 for regional recurrences and 15 for distant metastasis. The 2-year locoregional control was 91% with 2-years OS of 86% [26] .
Conclusion
The developments of brachytherapy shift from conventional approach to be high-technologically image-based process. The volume-based concepts and dose-volumehistograms were used to improve the quality of treatments by brachytherapy with increasing the dose to target while reducing the dose to organs at risks.
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